The paper aims to investigate land use change at the county level in Beijing-Tianjin-Hebei Metropolitan Region. Three land use patterns are identified by assessing the urban-rural linkages: urban, peri-urban and periphery areas. Empirical analysis shows that land use change in the urban areas is faster than that in the peri-urban and periphery areas. Economic conditions are significant to the land use change in the urban areas while the accessibility is the major driving force to the land use change in the peri-urban areas. However, weak factor influence is found in the periphery areas. Basically, the differences of land use change and the driving factors imply how the resource flows and agglomerates in this region. The paper finally emphasizes the role of peri-urban areas as the interface between urban and periphery areas for coordinating land use this region in the future.
linkages and divides this region according to the assessment. Then, the paper examines land use change and its driving factors in the divisions. Finally, the paper concludes through discussing the research findings.
Theoretical framework: urban-rural linkages and land use pattern
Basically, land use change is closely related to the human-nature interactions and comprises the dynamic relations between human activities and physical environment. Krausmann, et al. (2004) described the relation between land use change and the socio-economic material and energy flows as: area is needed to extract materials and energy from the environment to harbor the infrastructure, to transport, transform, store, and consume materials and energy, and to deposit or absorb wastes. Mitsuda and Ito (2011) also argued that socio-economic factors which captured the human-induced land conditions are dominating land use change among different land use patterns. Thus, land use change emerges because of the human-induced resource flows. Generally, urban and rural areas are tightly connecting with each other. This connection displays as resource flows of people, capital, information, goods and technology between them. Potter, et al. (2004) argued that urban-rural linkages were initiated in an attempt to make use of the mutual differentials or complementarities. The central place is supplying high-order services to the surrounding areas which in turn provide low-order services like food and other resource to the central place (Christaller, 1933) . The core-periphery theory (Friedmann, 1966) described the unequal distribution of power in economy, society and polity between the core and periphery areas. The core area dominates the central realm while the surrounding rural periphery is dependent on the central place for the supply of high-order services. Finally, the core area evolves into urban or metropolitan with high potential for innovation and growth while periphery areas experience slow growth or even stagnation, adding its dependency on the core area. Krugman (1991) and Fujita, et al. (1999) argued that core-periphery economy may emerge due to the interrelated industry concentrations, reliable infrastructure and high accessibility to the market. Barkley, et al. (1999) pointed out that the agglomeration effect in the central places can be strengthened when educated laborers were attracted and superior infrastructure was constructed. Thus, resource flows tends to agglomerate to the urban areas while the fortunes of rural areas are tightly relied on the adjacent urban areas. Recently, much attention has been paid to the urban-rural interface. McGee (1991) used 'desakota' in the Asian context to describe the symbiosis of urban and rural areas which resulted from the transformation into a dispersed metropolis. Gu, et al. (1995) considered urban fringe as a new and independent object between cities and villages. Gering, et al. (1998) labeled the urban-rural interface and found it a zone where social, economic and political factors interact in complex ways. These manifestations all emphasized the transitional and dynamic features of urban-rural interface which serves as a frontier where rural areas are under transition to urban areas. Urban-rural interface acts as an attractive destination for rural migrants, offering non-farm employment and access to education, medical service. The role of urban-rural interface has also been recognized when the out-migration and industrial transfer from downtown to the outskirts and suburbs emerged because of the congestion problems in the urban areas. Krugman and Elizondo (1996) indicated that resource relocating in the urban-rural interface is attributed to the "centrifugal" forces that tend to break the agglomerations in the urban areas. Based on the above analysis, three resource agglomeration patterns can be drawn. The first is the non-agricultural activities agglomerating to the urban areas which have high profit returns, accessible services and large market. Built land develops quickly in this pattern due to the continuous resource flows e.g. migration. The second pattern is the peri-urban areas, serving as the urban-rural interface and providing services, industrial production and employment to the rural areas. Arable land at peri-urban areas is easily to convert for non-agricultural use. Situating between cities and countryside, land use in peri-urban areas possess both the urban and rural attributes. The third pattern is found in the rural periphery which is dominated by agricultural production, supplying food and other materials to the urban areas. Basically, the three resource agglomeration patterns also applied at the regional level in China. Years of urbanization development since the reform and opening-up in 1978 has seen continuous and large scale resource flows into the urban areas. Take the rural-urban migration for example, in the period 1978-1999, the annual average number of rural-urban migrants is 7.1 million contributing to 72.7% of annual urban population growth in China (National Bureau of Statistics of China, 1999). However, due to the congestion problems like pollution and land price increase, counter-urbanization also emerged in large cities of China in the late 1980s. The downtown areas of Beijing, Shanghai, Shenyang and Dalian saw population decrease (-3.4%, -2.3%, -6.7% and -11.8%) in the period 1982-1990 while tremendous population increase (40.5%, 55.5%, 31% and 56%) took place in the suburbs of these cities (Zhou and Meng, 1998) . Besides, the development of township and village enterprises which are expected to attract more rural peasants so as to prohibit immigrants in the big cities have contributed to the development of small and medium cities and towns. In the period 1991-1999, the number of small cities (population below 0.2 million) increased from 297 to 365, an increase of 22.9% (National Bureau of Statistics of China, 1992 China, -2000 . Thus, land use change in the urban areas, small towns and the countryside would differentiate due to the different resource agglomerations at the regional level in the Chinese context. [ Figure 1 probably here] 3.2 Methodology and data Tight connection between urban-rural linkages and land use change is shown in section two. The paper hypothesizes that land use change differentiates due to the differences of resource agglomerations in the three resource agglomeration patterns. Besides, the driving factors to the land use change are also different in the three patterns. To examine this hypothesis, the paper tries to assess urban-rural linkages and examine land use change through dividing Jing-Jin-Ji region according to the assessment. Tacoli (1998) has made detailed analysis of rural-urban linkages in terms of flows of people, goods and wastes as well as the related flows of information and money across space between urban and rural areas. Although these flows are in a complex process making it hard to monitor, one consequence of the resource flows is that both urban and rural areas are affected by the transformations at the macro-level including demographic and economic changes. Given the data availability, the paper selects six variables representing the demographic and economic changes and indirectly assesses urban-rural linkages of each county (or urban district) in Jing-Jin-Ji region.
(1) Increase of percentage of urban population to the total population. This variable is selected to show the rural-urban population mobility in the urbanization process.
(2) Increase of percentage of non-agricultural employees to the total employees. This variable is chosen to show the change of employment structure (employees in the primary, secondary and tertiary industries). (3) Increase of non-agricultural production. This variable is selected to show the development of non-agricultural industries. Particularly, the development of non-agricultural industries in rural areas contributes a lot to the non-agricultural production in China. (4) Increase of rural household per capita net income. This variable is chosen to show the change of rural household income due to the sectoral interactions which have diversified the rural economy and rural households' income.
(5) Increase of per capita GDP. This variable is selected to describe the economic growth both in urban and rural areas due to the mutual resource flows. (6) Increase of rural electricity consumption (kwh). This variable is chosen to show the development of non-agricultural industries in rural areas because of their sectoral interactions with the cities. Considering the correlation among the variables, the paper uses principal component analysis (PCA) to transform these correlated variables into a smaller number of uncorrelated variables which are called principal components. This method can reduce data dimensionality through covariance analysis between factors. Suppose there are m variables 1 X … m X and m new variables can be generated through PCA, known as the principal components (PC), m PC PC ... 1 which can be expressed as follows:
Where i a are the coefficients for PC, and each column of a contains the coefficients for one PC. Here PC which have the first and second largest variance are chosen on the condition that they are uncorrelated. If we consider that the sample variance-covariance matrix of the original variables X is x N , then, the coefficient vector i a can be computed through the equation:
Where  is the vector of characteristic roots and a is a matrix comprising of the characteristic vectors corresponding to each characteristic root. It is noted that 1 PC is computed by using the characteristic vector corresponding to the largest characteristic root 1  while 2 PC is computed by using the characteristic vector corresponding to the largest characteristic root 2  , and so on (Harris, 2001) .
Remote sensing data is used in this paper to detect and monitor land use change in Jing-Jin-Ji region between 1990 and 2000. This data is from the Chinese National Land Cover Database (CNLCD) and developed by Chinese Academy of Sciences (Liu, et al., 2005a, b) . A hierarchical classification system of 25 land cover classes was aggregated to arable land, urban & rural built land and others in this study. In this database, Jing-Jin-Ji region was divided into 109 counties and 10 urban districts. Thus, the economic and demographic data for all the units in this region also follows this division. The economic and demographic data comes from the Hebei Economic Yearbook, Beijing Statistical Yearbook and Tianjin Statistical Yearbook in the same calendar year of 1991 and 2001.
Results and interpretation
According to the conventional rule of extracting components which have eigenvalues greater than one, two components were extracted by PCA , accounting for 81.6% of the variance (Table 1) . The first component which explains 63.3% of the variance is the most important component among the variables. This component includes five variables except the increase of rural household per capita net income which belongs to the second component (Table 1) .
[ Table 1 probably here] The sub-model for each component was made according to the component coefficients. 
Two component scores of units in Jing-Jin-Ji region were computed through Formula 1 and 2 and presented in Table 2 and Table 3 . These scores are uncorrelated and representing the selected six variables. These scores are used as the base for cluster analysis through which group memberships are assigned to all the units. The paper uses PASW Statistics18 and conducts K-Means cluster analysis for each urban administration (Beijing, Tianjin and other eight cities in Hebei). This analysis reveals a natural break that divides all the units within each urban administration into three classifications (Figure 2 ).
[ Table 2 probably here]
[ Table 3 probably here]
[ Figure 2 probably here]
The first classification consists of urban districts of Beijing, Tianjin, Shi Jiazhuang, Chengde, Zhang Jiakou and Baoding as well as their close counties. Thus, this classification is named "urban areas". The second classification as shown in Figure 2 , includes counties which are mainly surrounding units of the first part and it is named "peri-urban areas". The third classification covers the countryside and the distant counties in each city administration and is named "periphery areas".
The three parts identified by the cluster analysis also differ in the demographic and economic conditions (Table  4) . Urban areas have the largest population size in 2000 and highest annual demographic increase in the period 1990-2000. Periphery areas have the second largest population size in 2000, but its annual population growth is lowest among the three classifications. Annual population increase in the peri-urban areas belongs to the medium level. In the economic domain, urban areas have high level of per capita GDP (2000) followed by peri-urban and periphery areas. However, annual per capita GDP increase in periphery areas is 9.7% which is higher than that in peri-urban areas (8.7%) and urban areas (7.6%).
[ Table 4 probably here] 3.2.1 The change of arable land and built land in the three classifications
In the period 1990-2000, arable land in Jing-Jin-Ji region decreased by 2178.5 km 2 with the annual decrease of 0.26% while built land increased by 1721.5 km 2 with the annual increase of 1.3%. Figure 3 shows the land distribution in Jing-Jin-Ji region in 1990 and 2000. Generally, the increase of built land mainly takes place in the urban areas of Beijing, Tianjin, Shi Jiazhuang and Tangshan as well as their surrounding areas. However, the northern and western parts of this region which are mainly mountainous areas display little land change in this period.
[ Figure 3 probably here]
To show the differences of change of arable land and built land in the three classifications, the paper designates R to denote the relative changing rate of a certain land type in a period. R can be expressed as:
In this formula, a N and b N are the size of a certain land type in a certain area at the beginning and the end of the study period; a M and b M are the size of a certain land type in the whole region at the beginning and the end of the study period. Table 5 presents the computing results of the average relative land change in each classification in the period 1990-2000. The figures clearly show the differences of land change among the three classifications. Both arable land and built land in the urban areas have the highest changing rates, followed by the peri-urban areas and the periphery areas. This indicates that dramatic land change mainly takes place in the urban areas and their surrounding areas while the distant places have slow land change. Given the demographic and economic differences shown in Table 4 , the difference of land change also implies that areas of fast population increase and high economic level usually experience large scale and fast land change. Besides, this result is in line with the hypothesis of the study: the change of arable land and built land in the three urban-rural interaction patterns are different.
[ Table 5 
i Ac is the aggregate accessibility index of ith unit (i=1, 2, 3…129), P j is the population size of the jth central city, ij d is the distance between ith unit and jth central city (j=1, 2, 3…10). Concerning the population change of each central city, the paper uses the variation of this index in the period 1990-2000.
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Ac is the accessibility of all the units in 1990. Ac  is accessibility change in this period. 
A correlation analysis was made before the regression to test for autocorrelations among the variables. Those of high correlations with other variables will be removed from the regression in each classification. Results in Table 6 show that the driving factors to the changes of arable land and built land in the three classifications are different. Generally, the increase of per capita GDP is the sole and significant factor, contributing to the arable land decrease and built land increase in the urban areas. In the peri-urban areas, the increase of accessibility is the most significant factor while the initial population density makes contribution to the land use change in this classification. Besides, arable land decrease in the peri-urban areas is also attributed to the increase of per capita GDP and highway mileage per square kilometer in 1990. The increase of accessibility is significant to the arable land decrease in the periphery areas while all the variables show no significance to the built land increase in this classification. Basically, regression results indicate that economic conditions are dominating land use change in the urban areas while the accessibility (e.g. market, services) is influencing land use change in the peri-urban areas. However, rather weak influence is found in the periphery areas. This difference also implies that high economic level attracts resource to the urban areas while high accessibility makes it possible for the resource (rural resource and the diffusing from urban) agglomerating to the peri-urban areas. Resource outflow or limited resource agglomeration makes land use change in the periphery areas at a low level.
[ Table 6 probably here] 4. Concluding remarks The paper examined the arable and built land use change at the county level in Jing-Jin-Ji region. Three urban-rural linkage patterns were identified by assessing urban-rural linkages of all the counties/urban districts in this region: urban, peri-urban and periphery areas. Research findings show that the changes of arable land and built land in the urban areas are faster than that in the peri-urban and periphery areas. Besides, the driving factors to the land use change in these linkage patterns are also found different. Basically, the research of the paper revealed the relation between land use change and urban-rural resource flows in the Chinese context. Comparing with previous studies, the paper divided Jing-Jin-Ji region in terms of the urban-rural resource flows and agglomeration instead of administrations. Thus, how the resource flows and agglomerates at the regional level can be implied based on the changes of arable land and built land. The major lessen of the research is that it is not enough to just analyze land use change at the city level as a whole. For various counties or towns, land use change is different due to the differences of resource flows and agglomeration in different places. The research also helps to predict the future land use change in Jing-Jin-Ji region. Due to the fast socio-economic development, built land in the urban areas will gain expansion continuously and will definitely induce the decrease of arable land. However, land use change in the periphery areas will stay at a low level because of the limited resource flows and agglomeration. Thus, the coordination of built land expansion in the urban areas and land development in the periphery areas will challenge the regional planning in the future. The paper revealed the medium-level of resource flows and agglomeration in the peri-urban areas. Thus, situating between urban and rural areas, peri-urban areas can help to provide hinterlands for the urban areas and boost development in the periphery areas. In this sense, the importance of peri-urban areas as the urban-rural interface lies in that it can distract the excessive resource agglomeration in the urban areas, and bring the urban services to the periphery areas at the same time. Generally, the research of the paper was conducted in a region which has been experiencing fast urbanization development. In this process, urban-rural resource flows such as rural-urban migration and economic activities contribute to the land use change in urban, rural and peri-urban areas. Thus, this research methodology can be an example for similar studies of land use change in other regions which are experiencing fast urbanization development and intense urban-rural resource flows. Notes 1. According to the index, it is supposed to compute the aggregated accessibility of all the units to each unit. Nevertheless, the paper holds that migration to each unit is mainly dominated by its accessibility to the central cities. Thus, the paper computes the aggregated accessibility of each unit to the ten central cities (Beijing, Tianjin and eight prefecture-level cities in Hebei Province). 
